Introduction
Diabetic nephropathy (DN) is unique and serious diabetic microvascular complications, which also is the leading cause of end-stage renal disease (ESRD) in the United States and other developed countries [1] . The primary pathological manifestations are glomerular mesangial lesions and extracellular matrix synthesis increase, which would lead to glomerular sclerosis and interstitial fibrosis ultimately [2] . The etiology and pathogenesis of DN are complex and have not been completely clarified. It has been well known that DN is a lowgrade inflammatory disease. Metabolic disorder and hemodynamics changes caused by hyperglycemia persistently can trigger renal inflammation [3, 4] . Therefore, how to prevent DN effectively is the focus and difficulties in clinical work [5] .
Reactive oxygen species (ROS) induced by sustained hyperglycemia in renal tissues may directly or indirectly activate nucleotide binding and oligomerization domain-like receptor family pyrin domain-containing 3 (NLRP3) inflammasome. NLRP3 inflammasome activates caspase-1 which can promote the maturation and secretion of inflammatory cytokine interleukin 1 (IL-1 ) and trigger a powerful and endogenous inflammatory cascade reaction, which would cause the occurrence and development of DN [6, 7] . The activation of NLRP3 inflammasome includes two characteristics, the upregulation of NLRP3 and the production of caspase-1 and IL-1 . In macrophages, NF-PB can promote NLRP3 upregulation [8, 9] . The latest studies have shown that careful targeting of NLRP3 signaling pathways could be beneficial for the treatment of diabetes mellitus and diabetic nephropathy, so the NLRP3 inflammasome should be a new potential target for the treatment of diabetic nephropathy [10] [11] [12] . Additionally, researchers have found intraperitoneal injection stephania and piperine can reduce the expression of NLRP3 inflammasome, which would inhibit the progression of DN in diabetic rats [13] . Epithelial-mesenchymal transition (EMT) plays an important role in the early progression of renal fibrosis in DN [14] . Transforming growth factor-1 (TGF-1) which is highly expressed in DN renal tissue is a key regulator of EMT and is one of the important marks of renal fibrosis [15] . TGF-1 can increase the expression of fibronectin (FN). Studies have shown that oxymatrine can prevent high glucoseinduced renal EMT by inhibiting TGF-1/Smad signaling pathway, thereby alleviating early DN renal fibrosis [16] .
Numerous clinical studies have shown that n-3 polyunsaturated fatty acid can resist acute or chronic inflammation [17] . Maresin 1 is one of the latest families of anti-inflammatory lipid mediator which derives from n-3 polyunsaturated fatty acids and has displayed both anti-inflammatory and proresolving activities in zymosan-induced peritonitis [18] . Researches in inflammation-related disease have proved that maresin 1 plays a protective role in the body by limiting neutrophil infiltration, enhancing macrophage phagocytosis, decreasing the production of proinflammatory cytokines, inhibiting NF-PB activation, and so on [19, 20] . Recent studies show that maresin 1 not only had a significant role in terms of anti-inflammatory but also restrained the progression of pulmonary fibrosis by inhibiting EMT that is induced by TGF-1 and by reducing the expression of FN [21] . However, the relationship between maresin 1 and pathogenesis of DN is unclear. In this study, we explored something new; we observed anti-inflammatory and antifibrosis effect of maresin 1 which is produced by inhibiting NLRP3 inflammasome activation and by lessening the TGF-1-induced EMT on glomerular mesangial cells (GMCs) stimulated by high glucose. [24, 25] . Each test was independently repeated more than 3 times.
Materials and Methods

Cell Culture and
Reverse-Transcription Polymerase Chain Reaction (RT-PCR).
Total RNA was isolated from GMCs using an RNA extraction kit (Beijing Tiangen Biotech, China). Total RNA was reverse transcribed with the reverse transcriptase kit (TOYOBO, Japan). All kits were used according to the manufacturer's instructions. RT-PCR was performed as previously described [26] . The annealing temperature of NLRP3, caspase-1, IL-1 , TGF-1, and -actin was 58.9 ∘ C, 60 ∘ C, 64.5 ∘ C, 59.8 ∘ C, and 54 ∘ C. The primer sequences (Shanghai biological Engineering Co. Ltd., China) were as follows: 
Western Blotting. Total protein was extracted from
GMCs using a protein extraction kit (Roche, USA). Protein concentrations were assessed by using BCA Protein Assay Kit (Bioworld Technology, USA). The OD value was measured at a wavelength of 562 nm, the standard curve ( > 0.99) calculated protein sample concentration. Western blotting was performed as previously described [27] . Immunoblotting was performed using NLRP3 antibody (rabbit, 1 : 800, CST, USA), caspase-1 antibody (rabbit, 1 : 1000, Abcam, USA), procaspase-1 antibody (rabbit, 1 : 1000, Abcam, USA), IL-1 (rabbit, 1 : 800, Abcam, USA), pro-IL-1 (rabbit, 1 : 1500, Abcam, USA), and GAPDH (rabbit, 1 : 10000, Bioworld Technology, USA). The second antibody of NLRP3, caspase-1, procaspase-1, IL-1 , and pro-IL-1 (1 : 2000, anti-rabbit) was obtained from the Beyotime Institute of Biotechnology, Shanghai, China. The proteins were detected with HRP chemiluminescence reagent (Millipore, USA) and images were captured with the UVP imaging system (Bio-Rad, USA).
ROS Assay.
In order to detect the ROS, we used ROS detection kit (Nanjing Jiancheng Institute of Biotechnology, China). GMCs were grown in 6-well and 24-well plates and then were incubated with 10 mol/L DCFH-DA for 30 minutes at 37 ∘ C and 5% CO 2 . After washing with PBS for three times, 6-well cells were observed and imaged by fluorescence microscope. In addition, in order to obtain comparable data, 24-well cells were collected to detect the expression of ROS using ROS detection kit (Nanjing Jiancheng Institute of Biotechnology, China) by spectrophotometer with excitation wavelength at 488 nm and emission wavelength at 525 nm.
Enzyme-Linked Immunosorbent Assay (ELISA).
GMCs were grown in 24-well plates and were cultured with different medium at 37 ∘ C and 5% CO 2 . After 48 h, the levels of FN in supernatant of GMCs for each group were determined by using FN ELISA kits (Beijing Cheng Lin Biotechnology, China) according to manufacturer's instruction.
2.6.
Immunofluorescence. GMCs were grown on coverslips in 6-well plates. After overnight adherence, cells were incubated with different compounds for 24 h as described above and then were fixed in 4% paraformaldehyde and then blocked with 5% rabbit serum. The cells were incubated overnight with the anti-NLRP3, caspase-1, and IL-1 primary antibodies (dilution 1 : 50) and incubated for 60 min with secondary antibody conjugated to the fluorescein isothiocyanate fluorescent dye (dilution 1 : 100). DAPI (4 ,6 -diamino-2-phenylindole) was used to stain the nucleus in the cells. Images were taken with a laser scanning confocal microscope (Leica, Germany).
Statistical Analysis.
All data are indicated as mean ± standard deviation (SD) and analyzed using one-way analysis of variance (ANOVA), followed by the LSD post hoc test for multiple comparisons (SPSS 20.0 statistical software). < 0.05 was considered significant. (Figures 1(a) and 1(b) ). Moreover, in M + HG group for 24 h, the protein and mRNA expression of NLRP3, caspase-1, and IL-1 decreased, but procaspase-1 and pro-IL-1 were enhanced obviously as a concentrationdependent manner of maresin 1 compared with HG group ( < 0.05) (Figures 2(a) , 2(b), 2(c), and 2(d)). And we used immunofluorescence to detect the level of NLRP3, caspase-1, and IL-1 in each group, and we observed the same change ( Figure 3 ). There were no apparent differences among NC group, OP group, and M + NC group ( > 0.05) ( Figure 5 : (a) DCFH-DA detected the expression of ROS in GMC after the treatment of NAC and maresin 1; * < 0.05 versus NC group, # < 0.05 versus HG group. (b) GMCs were stained with DCFH-DA probe and images were captured using fluorescence microscope. Compared with NC group, the ROS generation increased in HG group, but it decreased in NAC + HG and M + HG group in a concentration-dependent manner.
Results
Anti-Inflammatory Effect of Maresin 1 on GMCs
The ROS Level of GMCs Which Were Treated with NAC and Different Doses of Maresin 1 for 30 min and Were Exposed to High Glucose (30 mmol/L) for 24 h by Using Spectrophotometer and Fluorescence Microscope.
As ROS plays an important role in high glucose-induced damage, we explored ROS level in GMCs using DCFH-DA. In spectrophotometer analysis, we observed that high glucose caused a significant ROS generation in GMCs ( < 0.05) compared with NC group. Notably, ROS generation was significantly inhibited by NAC and maresin 1 (1, 10, and 100 nmol/L) ( < 0.05), and the ROS level decreased in a concentration-dependent manner of maresin 1 ( Figure 5(a) ). Meanwhile, we got a similar result by using fluorescence microscopy ( Figure 5(b) ).
Antifibrosis Effect of Maresin 1 on GMCs Induced by
High Glucose. Compared with NC group, the expression of TGF-1 and FN upregulated in HG group for different time ( < 0.05), especially for 48 h (Figures 6(a), 6(b), and 6(c) ). However, it downregulated significantly in M + HG group by a negative correlation with concentration of maresin 1 ( < 0.05) (Figures 7(a), 7(b), and 7(c) ). It seemed that 10 nmol/L maresin 1 was effective enough for counteracting the expression of TGF-1 and FN enhanced by high glucose. Therefore, we chose 10 nmol/L as a protective concentration in the following experiments. And then, we detected that the mRNA level of TGF-1 and the expression of FN decreased significantly in M2 + HG group compared with HG group ( < 0.05), and there was no significant difference between NC group and other groups (Figures 8(a), 8(b), and 8(c) ).
Discussion
Diabetic nephropathy (DN) is the common and serious microvascular complications of diabetes; it can be divided into early stage kidney disease and clinical kidney disease according to the course of the disease. Once in clinical kidney disease, it will be irreversible, and there is little effective treatment for DN. Finally, the patient who was tortured by DN can be kept alive only by blood purification treatment. In western country, more than 50% of all patients who need blood purification treatment because of renal failure were caused by DN. Therefore, how to effectively delay or prevent the development of DN is a hot and difficult topic that the researchers explored now, but the mechanism of DN is unclear. Recent studies suggested that the chronic low-level inflammation mediated by natural immune plays a central role in the occurrence and development of DN [4] . The increasing secretion of cytokine and proinflammatory media would activate inflammatory response in local, accompanied with mesangial extracellular matrix accumulation, glomerular sclerosis, and tubular interstitial fibrosis [3] . It shows that inflammatory reaction would lead to injury by the pathological process of collagen deposition and fibrosis [3] . And the persistent inflammation and fibrosis in renal tissues are an important pathophysiological basis for DN in chronic hyperglycemia condition. So if we can resist this metabolic inflammation and early renal fibrosis, the renal damage process may be delayed significantly [13, 28] . Increasing evidence supported that proresolving mediators, such as LXs, resolvins, and protectins, can attenuate diabetes-related pathologies, including kidney disease and adipose inflammation [29] . Maresin 1 (7R, 14S-dihydroxydocosa-4Z, 8E, 10E, 12Z, 16Z, 19Z-hexaenoic acids) produced by macrophages from docosahexaenoic acid (DHA) exerts potent proresolving and tissue homeostatic actions [30] . It is synthesised by lipoxygenase enzyme oxidation pathway in inflammation subsidising period and conjugates triene double bond [31] . Studies have confirmed that maresin 1 can suppress neutrophil infiltration and adhesion and reduce proinflammatory mediators such as TNF-, IL-1 , and IL-6 in mice induced by acute lung injury [32] . Gong et al. have confirmed that maresin 1 and resolvin D2 can successfully prevent atheroprogression, suggesting that resolving lipid mediators potentially represent an innovative strategy to resolve arterial inflammation [33] . Meanwhile, maresin 1 also inhibits TGF-1-induced EMT in alveolar type II epithelial cells by restoring epithelial marker (E-Cadherin) and inhibiting fibroblast phenotypes (fibronectin and a-SMA), which alleviate progress of lung fibrosis [21] . Additionally, maresin 1 has antioxidative and anti-inflammatory properties in CCl4 induced liver injury whose possible mechanisms are partly implicated in its abilities to inhibit ROS generation, activation of NF-PB, and MAPK pathway [34] . Furthermore, Hong et al. found maresin-like mediators (14,22-dihydroxy-docosa-4Z, 7Z, 10Z, 12E, 16Z, 19Z-hexaenoic acids) were produced by leukocytes and PLT and involved in wound healing by restoring reparative functions to diabetic macrophages (Mfs); additionally, it could ameliorate Mfs inflammatory activation and had the potential to suppress the chronic inflammation in diabetic wounds caused by activation of Mfs [35] .
Inflammation is an innate immune response which is considered a common basis for diabetes. Inflammasomes are multiprotein platforms which act as cytoplasmatic sensors for stimulation with Pathogen Associated Molecular Pattern (PAMPs) and Damage-Associated Molecular Patterns (DAMPs) leading to an infectious/pathogenic or sterile inflammation [36] . So far, different inflammasomes have been identified, including nucleotide-binding oligomerization domain-like receptors (NLRs) and absent in melanoma 2 (AIM2) [37] . NLRP3 inflammasome is the most distinctive member in NLR family, which comprises NLRP3, apoptosis associated speck like protein (ASC), and the serine protease caspase-1 [37] . In metabolic diseases, the expression of NLRP3 inflammasome will increase, and now more and more evidence suggests that NLRP3 inflammasome plays an important role in many noninfectious inflammatory diseases, such as gout, atherosclerosis, and diabetes [38] . The mechanism of NLRP3 activation and IL-1 secretion is not clear. The secretion of IL-1 needs to activate caspase-1, and dead cell releases endogenous DAMPs, activating caspase-1 to promote the secretion of IL-1 by NLRP3 [33] . Researches show that in this process reactive oxygen species (ROS) formation was also thought to be related to the oligomerization reaction of NLRP3, and the endoplasmic reticulum was one of the important sources of ROS. ROS can cause NLRP3 activation by resolving the interaction of protein (TXNIP) from thioredoxin [39] . Previous studies have found that sustained hyperglycemia triggers the production of ROS, which directly or by stimulating the release of thioredoxin interacting protein (TXNIP) indirectly activate NLRP3 inflammasome formation. Then procaspase-1 will form an active caspase-1 p10/20
tetramer by self-splicing easily. The activated caspase-1 can process pro-IL-1 hydrolyze into its mature form IL-1 and induce inflammation cascade effect, which could mediated the occurrence of DN [40, 41] . Our research demonstrated that high glucose can increase mRNA expression of NLRP3, caspase-1, and IL-1 in GMCs and can cause a significant ROS generation in GMCs ( < 0.05) compared with NC group. These suggest that ROS-NLRP3-IL-1 plays an important role in high glucose-induced damage in GMCs. Besides, our results firstly detected that maresin 1 can inhibit the ROS generation and the activation of NLRP3 inflammasome pathway that is induced by high glucose in GMCs in a dosedependent manner. These provided an important molecular and cellular foundation for elucidating the inflammatory response mechanisms of DN and suggested a new target and strategy for the prevention and treatment of DN. TGF-1 is a key regulator of EMT in pathological processes of glomerular sclerosis in DN, which participate in the renal fibrosis of DN commonly [14, 15] . Extracellular high glucose can be used as profibrotic factors in GMCs to promote the synthesis and secretion of TGF-1 and increase the expression of FN that would prompt deposition of extracellular matrix and destruct the complete basement membrane. Finally, EMT and stable mesenchymal phenotype occurred [42] . This study in vitro found that high glucose could upregulate the expression of TGF-1 and FN in GMCs in time dependence, suggesting that the high glucose may promote glomerular sclerosis and renal fibrosis in DN. What is more, maresin 1 could restrain the expression of TGF-1 and FN induced by high glucose in GMCs in a dosedependent manner, indicating that maresin 1 may inhibit EMT in GMCs and reduce DN glomerular fibrosis. Therefore, we hypothesized that maresin 1 potentially offers a therapeutic option for better treatment of DN through its antiinflammatory effect and inhibition of renal fibrosis. However, this experiment is not enough; since the limit experimental time, we failed to investigate the specific mechanism of action, which needs the further basis experiments to prove.
In conclusion, maresin 1 can reduce the expression of NLRP3, caspase-1, IL-1 , and ROS generation that is induced by high glucose in GMCs; furthermore, the increased expression of TGF-1 and FN following with high glucose in GMCs can also be reversed. And the mechanism may be related to the inhibition of NLRP3 inflammasome and early renal fibrosis growth factor TGF-1 and FN induced by EMT.
So, maresin 1 may have protective effect on diabetic nephropathy by mitigating the inflammation and early fibrosis.
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